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$p=$ -ih $\hslash>0$ $V(x)$ .
$A(x)$





$x_{1}=r\cos\theta$ , $x_{2^{--}}r\sin\theta$ , $r\geq 0,$ $\theta\in \mathrm{T}=\mathbb{R}/2\pi \mathbb{Z}$
A. (i) $V(x)$ $C^{\infty}$- simple-well $0$ .
$V(0)=0;$ $V(x)>0$ for $x\neq 0$
$\lim_{|x^{1arrow}}\inf_{\infty}V(x)>0$ .
(ii) $V(x)$ $\tau>0$ $V(x)$
$S_{\mathcal{T}}=\{z\in \mathbb{C}||{\rm Im} z|<\tau\}$
${\rm Re} V(r, \theta)\geq f(r^{)}>0,$ $r>0,$ $\theta\in S\tau$ .
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1. $V$ $A$ $\psi$ $E$ $E$ $\hslasharrow 0$
$E=o(1)$ $\epsilon>0$ $K$
$C$
$|\psi(x)|\leq C\exp[-(g(r)-\in)/\hslash]$ , $x\in K,$ $\hslash\in(0,1]$ . (1.1)
$g(r)$
$g(r)= \int_{0}^{r}\sqrt{f(s)+\frac{\delta^{2}B^{2}s^{2}}{4}}dS$, $r>0$ ,
$\delta=\frac{2\tau}{1+2\tau}\in(0,1)$ . .
. (1) :Agmon distance
$h(x)= \inf\{\int_{0}^{1}\sqrt{V(\gamma(t))}\dot{\gamma}(t)dt$. $|\gamma(0)=0,$ $\gamma(1)=x\}$ .
$|\psi(X)|\leq C\exp[-(h(r)-\mathit{6})/\hslash]$ , $x\in K,$ $\hslash\in(0,1]$ ,
$\xi,$ $K$ (cf. Helffer-Sj\"ostrand [3], Brummelhuis
[1] $)$ .
.. .
















B. (i) $V(x)$ $C^{\infty}$ - symmetric double well
$V(x_{1,2}x)=V(-x_{1}, x_{2})$ , $x\in \mathbb{R}^{2}$
$x^{(1)}$ $x^{(2)}$
$x_{1}^{(1)}=-x_{1}^{(2)}\neq 0$ , $x_{2}^{(1)}=x_{2}^{(2)}$ , $V(x^{(1)})=V(x^{(2)})=0$ ,
$x\neq x^{(1)},$ $x^{()}2$ $V(x)>0$
$\lim_{|x|arrow}\inf_{\infty}V(x)>0$.
(ii) $V(x)$ $x^{(j)},$ $(j=1,2)$
2. $V$ $B$ $E_{0}$ $E_{1}$ $H$ ( )
$a,b>0$ $C>0$
$|E_{1}-E_{0}|\leq C\exp[-(a+bB)/h]$ , $h\in(0,1]$ . (1.2)
1 1 $x$
Agmon $r$ $p_{\theta}$ $\rho(r, \theta)$
Agmon (cf. [10],
[8] $)$ Martinez FBI (cf. [5], [6], [7])
$\theta$ Fourier
$L^{2}(\mathrm{K}_{\vdash})\otimes P^{2}$(Z)-
${\rm Re}[H_{\rho}]\equiv{\rm Re}[e^{\rho(r,p_{\theta}})/\hslash He-\rho(r,p\theta)/\hslash]$
$0$ $(p(0, \mathrm{o})=0$ )
$\rho(r,p_{\theta})$






$A(x)=(- \frac{B}{2}.X_{2},$ $\frac{B}{2}x_{1)}$ .
Hamiltonian
$H=p_{r}^{2}+( \frac{p_{\theta}}{r}-\frac{Br}{2})2-\frac{\hslash^{2}}{4r^{2}}+V(r, \theta)$ on $L^{2}(drd\theta)$
$p_{r}=-i\hslash\partial r’ p_{\theta}=-i\hslash\partial\theta$ Fourier :
$\mathcal{F}u(\eta)=(2\pi\hslash)-1/2\int_{0}^{2\pi}e^{-i\eta\theta}u(\theta)d/\hslash\theta$, $u\in L^{2}(\mathrm{T}),$ $\eta\in h\mathbb{Z}$ ,
Hamiltonian
$K=\mathcal{F}H\mathcal{F}^{-1}$
$=p_{r}^{2}+( \frac{\eta}{r}-\frac{Br}{2})^{2}-\frac{h^{2}}{4r^{2}}+V(r, -p_{\eta})$ on $L^{2}(\mathbb{R}_{+})\otimes l^{2}(\hslash \mathbb{Z})$ . (2.1)
$\mathcal{F}V\mathcal{F}^{-1}=V(r, -P\eta)$
$V(r, -p_{\eta})u(r, \eta)=(2\pi)^{-1}\int_{0}^{2\pi}\sum e^{-}-\xi)\theta/\hslash V(i(\eta)\xi\in \mathbb{Z}r,$$\theta u(r, \xi)d\theta$
$\eta$- – $a(\hslash;\cdot, \cdot)\in$
$C^{\infty}(\mathbb{R}\mathrm{X}\mathrm{T}),$ $u\in C_{0}(\hslash \mathbb{Z})$
$a( \hslash;\eta, -p_{\eta})u(\eta)=(2\pi\hslash)-1\int_{0}^{2\pi}\sum e^{-}-\eta\xi)\theta/\hslash a(i(h;\xi\in\hslash \mathbb{Z}d\eta, \theta)u(\xi)\theta$
$\rho(r$ , \eta $)$ \in C\infty ( $\cross \mathbb{R}$)
$|\partial_{\eta}\rho(r, \eta)|\leq\tau$ , $r>0,$ $\eta\in \mathbb{R}$
$e^{\rho(r,\eta)}$ weight Hamiltonian
$K_{\rho}\equiv e^{\rho(\eta)}Kr,/\hslash e^{-}\rho(r,\eta)/\hslash$
$=(p_{rr}+i \partial\rho(r, \eta))^{2}+(\frac{\eta}{r}-\frac{Br}{2})^{2}+e\rho(r,\eta)/\hslash V(r, -p\eta)e^{-}-\rho(r,\eta)/\hslash\frac{\hslash^{2}}{4r^{2}}$
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$V_{\rho}\equiv e^{\rho(r,\eta})/\hslash V(r, -p_{\eta})e-\rho(r,\eta)/\hslash=V(r, -p\eta-i\partial\rho\eta(r, \eta))+O(\hslash)$
$e^{\rho(r,\eta}p\eta e)/\hslash-\rho(r,\eta)/\hslash p_{\eta}=+i\partial_{\eta}\rho(r, \eta)$
${\rm Re}[K_{\rho}]=p_{r}^{2}+W_{\rho}+o(\hslash)$
$W_{\rho}= \frac{1}{r^{2}}(\eta-\frac{Br^{2}}{2})^{2}-|\partial_{r}\rho|^{2}+{\rm Re}[V(r, -pr-i\partial_{\eta}\rho)]$
$\rho(r, \eta)$ $(0,0)$ $W_{\rho}>0$
2.2 Weight function
$\delta=2\tau/(1+2\tau)$ $\tau=\delta/(2-2\delta)$








$\sqrt{\delta^{2}\frac{B^{2}s^{2}}{4}+f(_{S)}}ds$ if $(r, \eta)\in\Omega_{\delta}$




$\rho_{0}(r, \eta)\geq g(r)$ , $r>0,$ $\eta\in \mathrm{T}$
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$0<\alpha<1$ $W_{\alpha\rho 0}$
$(r, \eta)\in\Omega_{\delta}$ . .. $\cdot$ .









$K_{(\alpha\rho 0)}\geq W_{\alpha\rho 0}-^{o()}\hslash^{2}\geq(1-\alpha^{2})f(r)-o(\hslash)$
( ) $\alpha$ 1 + $C^{\infty}$- $\rho(r, \eta)$ $\alpha p_{0}$ $+$
$\{$
${\rm Re} K_{\rho}\geq\delta_{1}f(r)$











’3 $z$- $(x, y)$- 1
z-
( ) 2
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